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This study was i n itiated to investigate the possibi lity
o f c )' ll i p i cl g a l l wa s p h ab i t at p re f c re n c e . The wh i t e o a k g a 1 1
1oJ a s p C y 11 i p s p a l l j p e s Ba s s an d th e s c a r l e t o a k g a 11 wa s p
Amphibo li ps globu lu s Bcutum inhabit white and scarlet oa k
buds and l eaves . ·
A study of the population distribution of the se two
species of wasps was initiated on the north and south-faci ng
slopes of the ~!o rehe a d State University Lake , at four different elevations.
Data were subjected to an a n alysis of
variance . There was a sig nific ant difference between total
numbers of white and scarlet oak leaf galls from slope to
slope.
Th ere was no significant difference in the distrib ution of leaf galls from elevation to elevation on the nort hfacing s lope.
On the south -facin g slope, there was a sig nificant difference in number of galls from e levation to
elevation.
There were 49 percent more scarle t oak leaf ga ll s
observed on the south-facing slope than the north-facing
slope, consequently ; the south-facing slope is the prefe rred
habitat of the scarlet oak gall wasp .
An examination of bud and l eaf ga ll tiss u e collected a t
diff erent e l evations o n both slopes revealed differences in
anatomy from one spec.i.es to the other . There was no
d i f f e r e n c e , h o ,,,. e v e r , i 11 b u d o r 1 e a f g a 1 1 t i s s u e s f o r e a c h
species from one s lope to the other .
The bud and leaf gal l tissue from scarlet oak is more
adapted for existence in a xeric cllvironment than the bud
and l eaf gall tissue fro m the white oak . The xeric envi ronment of the so uth-facin g slope supported a greater population of scarlet oak wasps than th e more mcsic north -fac ing
slope.
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INTRODUCTION

Cynipid gall wasps have a life cycle described
as an alteration of generations (7).

Be ginning in

March, parthenogenic wingless females emerge fr6m
lenticular (leaf) galls which have overwintered in
the leaf litter.
emerged oak buds.
and May.

These females deposit eggs in newly·
Kammer (bud) galls develop in April

In June, the sexual generation emerges and mates.

After mating, females deposit eggs in oak leaves.
Lenticular galls develop on these leaves during the
summer.

In late fall, these galls become detached and

overwinter in the leaf litter (22)

(Figure 1).

Cynipid

gall wasps maintain a species specific relationsnip with
the trees the inhabit (9).
In the summer of 1970, a preliminary experiment
was initiated to test the host specificity of gall inducing
wasps.

Representatives of the sexual generation of the

white oak wasp Cynips pallipes Bass and the scarlet oak Kasp
Amphibolips globulus Beutum were each confined seperately
with both white and scarlet oak seedlings in the laboratory.
The experiment was continued until mid-October 1970, but
leaf gall development was not ovserved.
The failure of these gall wasps to induce gall
formation was attributed to experimental failure in
simulating a natural environment.

The distribution of
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Figure 1.
Life cycle of
typical cynipid gall wasp.

Kammer (bud) Gall
Lenticular Gall
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leaf galls of these two species of wasps, studied in
their native habitats, did not appear to be at random.
An anatomical study of the leaf and bud gall tissue of
the two species, collected from trees on north and southfacing slopes, revealed dissimilarities in structure.
A north-facing slope has a more mesic environment
because it receives less solar energy than a southfacing ~lope.

A south-facing slope has a higher

average iemperature, more rapid evaporation rate,
less soil moisture, and is characterized by more variable
extremes than a north-facing slope. (30).

A. C. Kinsey

observed that temperature can be an influencing factor
in the distribution of cynipid gall wasps (15).
Re~earch was designed to determine whether there
is a significant difference in the distribution of these
two species of wasps on the north and south-facing
slopes.

Experimental techniques involved the mea-

surement of the number of leaf galls produced on oaks
growing on the north and south-facing slopes of the
Morehead State University Lake.

The data were collected

in a manner that allowed comparison of the number of
galls occur~ng on both slopes, and at four elevations
on each slope.
The data collected were statistically treated using
an analysis of variance to determine whether significant

4

differences occured in the number of specific gall types
on the two slopes.

A significant difference in•

numbers of a particular type of gall could indicate
a difference in wasp habitat preference, or decreased
gall viability in a particular environment.
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LITERATURE REVIEW

Early Basic Research

Works which deal with early basic plant gall
research are indeed difficult to obtain.
1964 work, M.

S. Mani

In his

(22) outlines early plant gall

research.
From the mid-nineteenth to the early twentieth
century, research was concentrated on the natural
history of gall forming organisms.
1853, H.

As early as

DeLacaze-Duthiers did research on the natural

history of galls.

M. W.

Beijernick, one of the most

important early contributors to the knowledge of plant
galls, determined that an induc,ing organism utilized
the plant to complete part of its life cycle

(22). ·

Research in gall formation was continued by A.
1892;

Fockew, 1889;

1888, 1892;

G.

B.

and P.

Laboulbene,

Cameron, 1883 (22).

Buckton, 1889;

and G.

B.

Magin

Bignell,

1903, were early participants in the study of the
peculiarities of gall inducing organisms

(22).

Family Cynipidae

The scattered systematics of the family Cynipidae
in the nineteeth century were compiled in the famous
Dalla Torre and Kieffer monograph, published in 1910

(38).
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In 1917, Rohwer and Fagan published.a list of the species
of the cynipid genera (38).

W. H. Ashmead and A. C. Kinsey

were also early contributors to the classification of
this group (22).

A contemporary of Kinsey, L. H. Weld

contributed much to the study of the North American
Cynipidae.

In 1952, he privately published a work (38)

which served as a supplement to the Dalla Torre and Kieffer
moi1ograph.

This monograph is the most comprehensive

collection to date of the cynipid systematic literature
of the world.

Other major contributors since the work

of Dalla Torre and Kieffer were Beutenmueller, Heinrich
Dettmer, Hans Hedicke, J. J. Kieffer, and J. Tave res (38).
E. P. Felt (8) and M. Neierenstein (23) worked with
the relationship of insect gall inducers and plants.
E. P. Felt was also the author of a book (9) on plant
galls.

Other researchers who considered gall insects

are Herbert Ross (28) and Borror and DeLong (3).

Gall Morphology

After considerable research on gall inducing
organisms was completed, emphasis was changed to the
morphology and structure of the gall itself.

Early in

the twentieth century, Cosens worked with gall morphology
(22).

A contemporary of Cosens, A. Stewart (31, 32, 33)

who w~rked with gall morphology in general, was one of
the few American contributors in this area,

A great
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amount of research in this area was completed outside
the United States by Beyernick, Hiernymous, Kustenmacher, Kuster, Lacaze-Duthiers, Prillieux, and Weidel
In the following thirty years,

little research was

done in the area of gall morphology.
Darlington

(31).

In 1968, Arnold

(7) wrote a guide to the external morphology

of plant galls.

Gall morphology is also considered in•

Mani's Ecology of Plant Galls
morphogenesis work of E. W.

(22) and the 1962

Sinnot (29).

Gall Development.

As more was learned about gall development, researchers began to equate plant gall growth to animal cancer.
Over a period of thirty years from about 1916 to 1950,
extensive research was instigated to find a link between
the plant gall growth and animal cancer.

Because the

research on gall development served as an impetus for the
research on the cancer analogy, some consideration should
be given to those researchers of gall development.
Kostoff and Kendall worked in the early 1930 1 s
on the development and cytology of cynipid galls

(22).

As early as 1923, M.T. Cook studied the development of
galls in general

(6).

Later, M. C.

Child

(4) worked with

histogenesis of plant galls.
Developmental research of the 1940 1 s and 1950's
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concentrated on the chemical nature of the gall inducing
toxin,.

R. Garrigues (10, 11, _12) made important contri-

butions concerning the anatomy, cytology, and chemical
influences-in plant galls.

P. Nourteva (24) was one

of the early proponents of the theory that salivary
toxins produced by insects provide the initial stimulus
for gall formation.

The Plant Tumor, Animal Cancer Analogy

According to Mani (22), E. P. Smith was one of
the earliest contributors to the theory of plant gall,
animal cancer analogy.

In the early part of this

century, Smith emphasized the similarity of the crowngall growth to cancer.

At the time of Smith, the cause

of the crown-gall growth was believed to be bacterial.
Smith believed so strongly in the analogy theory, that
he postulated the origin of animal cancer to also be
bacterial.

M. Levine (18, 19, 2.0) referred to the

crown-gall as "plant cancer", although he did not consider it analogous to cancer.

In 1942, White published

a report on bacterial free crown-gall tissue (42).
The knowledge that plant tumors could be produced
by application of various carcinogenic substances,
strengthened the theory of cancer analogy (22).
J. A. Thomas and A. J. Riker (34) found a number of
substances that induced. gall growth.

P. T. Thomas (35)
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also worked with artificial induction of galls.
The altered growth pattern and division rate of
cancer cells are transmitted to their prog.eny.

The

cells themselves thus serve as the continuing cause
of the malignancy.

In plant gall cells, the causes of

continued malignancy are chemical agents, viruses or
bacteria.

Mani (22) feels that the above data account

for the decline in the plant gall, a.nimal cancer analogy.

Ecology of Galls

In current years, with an increasing amount of
work being done on ecological systems, the study of
plant galls has taken on a new facet.

Lewis and Taylor

(21) make references to work do~e by R. R. Askew on an
interspecific and intraspecific competition experiment
using two species of cynipid gall wasps.

Askew, in another

ecological study (1), worked with different but overlapping host ranges of insect pa:asites of leaf miners.
Another work by Askew (2), considered interspecific
response of leaf miners to parasites.

In 1942, A. C.

Kinsew (15) found that seasonal factors influenced ~he
distribution of gall wasps.

10

Experimental Design

Special methods of experimental design and statistical analysis are essential to the determination of population distribution within a given ecosystem. "Methods
of determining quadrat size, transect sampling, dynamics
of host parasite relationships in populations, and
special patterns are described by C. P. Pielou (26).
R. B. Pratt and John Griffiths (27) describe.cl methods.
of environmental measurement, design of experiment,
the gathering of data, statistical methods of analysis,
and interpretation of data.

K. E. F. Watt (37) covers

ecological systems analysis dealing with population
experimental design and statistical methodology.
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MATERIALS AND METHODS

The data used for the statistical analysis in this
report were collected from early September to late
October, 1971.

The bud gall tissue utilized in the

-anatomical study was collected from mid-March to the
end of April, 1971.

The leaf gall tissue used was col-

lected from the first of September to the end of October,
1971.

North and south-facing slopes, bordering the

Morehead State University Lake, were the sites for the
collection of population data and gall tissues.
The tree hosts are white oak, Quercus alba
and ~carlet oak, Quercus coccinea Muenchh.

L.

Galls were

collected from seedlings of both species ranging from
1 to 6 feet tall.
The wasps under study are Amphibolips globulus Beutum,
and Cynips pallipes Bass.

Correct taxonomic status of

these species was determined by the use of a sexual
generation key (38) and a key to the bud and leaf gall
tissue

(9).

Contour lines were mapped at 10, 125, 250,· and 375
foot elevations above shore line on north and southfacing slopes of the Morehead State University Lake.
Each of these contours was marked off into eighteen
125 foot intervals.

To obtain sufficient data for a

thorough statistical analysis, three 125 foot sections
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were randomly selected from each of .the four elevations
on each slope for study.

These 24 experimental areas are

mapped in Figure 2.
The line transect intercept method was chosen
for collecting data in this study.

In each of the

randomly selected areas, a 125 foot line was extended
along the contour.

Only those white and scarlet oaks

(seedlings from 1 to 6 feet) which touched or had
branches over the line, were chosen for the census.
The number of galls, number of leaves, and approximate
percent of leaves affected per tree, branching or
hanging over the line transect were recorded.
Tissues utilized in this study were collected
from each of the four contours on both slopes.

All galls

were killed and fixed in a solution composed of 5 parti
of 38% formalin, 5 parts glacial acetic acid, and 90 parts
of 70%.ethyl alcohol.

Tissues were embedded in paraffin

and sectioned at 12 microns on a rotary microtome.
All material used was stained with eosin and fast green.
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Figure 2.

Map of study area.
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EXPEiIMENTAL DATA

Population Distribution

The population distribution of the two species of
wasps in the. study area was based upon their activity
as measu~ed by the number of leaf galls produced;

Before

the population data could be analyzed, it was necessary
to determine if there was any relationship between the
nu~ber of leaf galls and number of leaves per tree.
A coefficient of correlation between the number
of galls and leaves per tree observed was determined.
Only 9 percent of the variation in numbers of leaf galls
was accounted for by variation in numbers of leaves.
This variation is statistically, insignificant.

Upon the

advise of the statistician, the data were subjected to an
analysis of variance instead of covariance.
Raw ~ata were grouped in a manner to allow comparison of data from one slope to the other and between specific elevations of a given slope

(Table 1).

The analysis of variance showed a significant difference in the number of leaf galls distributed on the northfacing slope versus the south-facing slope

(Table 2).

There were 818 galls 6bserved on the south-facing slope as
compared with 399 on the north-facing slope.

This

Table 1.

Number of leaf gall~ per tree occuring on line
transects at four elevations on each slope.

North-Facing
1

White Oak
2
3
0

0

South-Facing
Scarlet Oak
2
3
4

White Oak
2
3

4

1

0

12

14

16

1

0

0

17

20

8

7

3

0

8

16

18

11

6

0

8

9

30

0

15

61

23

8

0

22

0

10

7

1

10

7

0

19

1

Scarlet Oak
2
3

4

1

0

3

32

0

37

29

2

1

1:

7

· 40

22

1

2

34

0

8

7

1

1

2:

44

22

2

0

4(

40

17 ·

8

41

21

26

10

8

42

41

22

14

7

3!

15

16

7

1'
EX-

0

0

EX 2 N 0

0

0
1

i
EX=Sum

7

84

145

99

64

1306 5047 1467 1184
37
8
6
7
8
8
EX 2 =Sum of squares.

(

-

5

2

7

2 81

18

-

11
4

4
2

15
5

996•
9

693,
9

I

4

2,
1!
231

99

6159 1787
10
8

,_.
<.n

Table 2.

Source
North vs. SouthFacing
White vs. Scarlet
Oak
E 1 eva ti on s Within
North-Facing
Slope
Linear
Quadratic
Deviation
E 1 ev at ions Within
South-Facing
Slope
Linear
Quadratic
Deviation

Analysis of variance of numbers of leaf galls on white
and scarlet oaks in two habitats.

Degrees of
Freedom

Sum of
Squares

F

1

1096.8

1096.8

11. 6

**

1

4473.0

4473.0

47.2

**

3

634.9
· 2. 3 NS
3.5 NS
0.6 NS

1
1

1
3

3105.4
25.5 **
. 9 NS
8. 1 **

1
1
1

Error

78

7392.9

Total

85

166693.0

**

Mean Square

Significant difference at the 1 percent level

94. 7.
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represents 49 percent more leaf galls observed on the
south-facing slope than the north-facing slope.

On the

north-facing slope the mean number of leaf galls was
13.0 per tree as compared with 22.3 leaf galls per tree
on the south-facing slope.
The total number of 1196 scarlet oak galls in the
study area was significantly different than the 21
white oak leaf galls (Table 2).

This represents 98. 3

percent more scarlet oak leaf galls than white oak
leaf galls.

The mean number of leaf galls per tree was

18.1 for scarlet oak and 1.05 for white oak (Table 3).
There were 7 white oak leaf galls observed on the
north-facing slope as compared to 14 observed on the
south-facing slope.

The mean number of leaf galls per

tree on the south-facing slope~~ 1.27 as compared to
0. 77 on the north-facing slope (Table 3).

The number

of white oak leaf galls varied from Oto 6 per tree on
the north•facing slope and from Oto 3 per tree on the
south-facing slope.
The scarlet oak leaf galls observed were not randomly distributed over both slopes.

On the south-facing

slope, there were 804 scarlet oak leaf galls observed
on 36 trees; a mean number of 22.3 leaf galls per tree.
On ~he north-facing slope, there were 392 scarlet oak
leaf galls obse.rved on 30 trees; a mean of 13. 0 galls
per tree.

The number of scarlet oak leaf galls varied

18

Table 3.

Mean number of leaf galls at four e"levations.

Quercus alba

L.

North-facing slope
Total
Elevation
Elevation
Elevation
Elevation

1
2
3
4

. 77

.oo
;oo
1. 00

South-facing slope
Total
Elevation
Elevation
Elevation
Elevation

1. 2 7
1
2
3
4

.oo

-1. 25
1. 00
1. 40

North and South-facing
slope
Total

1. OS

Quercus coccinea Muenchh

North-facing slope
Total
Elevation
Elevation
Elevation
Elevation

1
2
3
4

13.0
10.s·
18. 1
12. 3
10.6

South-facing slope
Total
Elevation
Elevation
Elevation
Elevation

1
2
3
4

22.3
31. 7
20;8
23.1
12.3

North and South-facing
slope
Total

18. 1
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from Oto 61 per tree on the north-facing slope and from
0 to 48 per tree on the south-facing slope.
Although there were only 20 percent more scarlet
oak trees observed on the south-facing slope than the
north-facing slope, 49 percent more scarlet oak leaf
galls were observed.
The number of leaf galls from elevation to elevation
on the north-facing slope did not differ significantly
(Table 2).

Mean numbers of galls per tree for each

elevation on the north-facing slope are shown in Table.
3 ~nd graphic representations of the same data occur
in Figures 3 and.4.

The number of leaf galls per

tree at each elevation on the south-facing slope are
listed in Table 3 and graphic representations of the same
data occur in Figures 3 and 4.

Gall Anatomy

The various environmental factors of a north-facing
slope differ from those of a south-facing slope (30).
The amount of moisture has been shown to have a direct
effect on the growth of plant galls, especially on
those galls containing the parthenogenic generations of
cynipid gall wa~ps (15),

If moisture is sufficient,

even the most woody oak gall will be soft.

Insect

mouth parts are unable to cut through galls which are

L

20

Figure 3. Mean number of white oak
leaf galls at four elivations.
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Figure 4.
Mean number of scarlet oak
leaf galls at four elevations.
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too dry.

This has been demonstrated in hollow spherical

galls, in which the dry inner walls offer no point of
initial penetration for the exit of the insect.

The

differences in the anatomy of the white and scarlet oak
bud and leaf galls may be related to differences in
their distribution.
There did not appear to be any difference in the
anatomy of bud or leaf gall tissue from one slope to
the other for either species.

There was, however;

a

di£ference in both.bud and leaf gall tissue anatomy of .
•
white versus scarlet oak.
The white oak bud gall is oval, thin shelled and
brown in color (Figure 5).

In contrast, the scarlet

oak bud gall is globular, thick celled, slightly nippled,
green in color turning brown, apd from 1/2 to 3/4 inch
in diameter (Figure 6),

When sectioned, the white oak

bud gall appears as a single, thin walled capsule
(Figure7)~

The scarlet bak bud gall can be described

as a bullet gall with a thick outer capsule and an inner,
thin, brittle walled capsule which contains the larva
(Figure 8).
The white oak leaf gall is rounded, densely covered
with wooly material, and from 1/8 to 1/4 inch in
diameter (Figure 9).

·The scarlet oak leaf gall (Figure

10), is more oval, about 1/4 inch in diameter, with a
warty irregular external appearence.

- .:,-

')

Figure 5 .
External structure
of white oak bud gall .

Figure 6 .
External structure
of scarlet oak bud gall .
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Figure 7 . Cross section through
white oak bud gall .

pigurc 8 . Cross section through
scarlet oak bud gall , showing
inner chamber .
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Figure 9.
External structure
of ~hite oak leaf gall
attached to a vejn .

Figure 10.
External structure
of scarlet oak leaf pall
attached between vein s .
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One of'the anatomical differences between these two
gall types is the epidermis.

The white oak leaf gall

epidermis is made up of only a few layers of cells that
comprise only a small proportion of the cross sectional
area

of the gall (Figure 11).

The white oak leaf gall

possesses modified plant hairs as outward extensions of
the epidermis (Figure 12),

In contrast, the scarlet

oak leaf gall is void of plant hairs and has .a very
thick epidermis made up of several layers o~ cells
which comprise about 1/6 of the total cross sectional
area (Figure 13) .
. A close examination of the white oak leaf gall
reveals that the gall is attached to the leaf by means
of a stalk (Figure 14).

Thus only a portion of ~he

gall's lower surface is in direct contact with the leaf.
In contrast, the scarlet oak leaf gall is directly
attached to the leaf (Figure 15).

Thus the entire lower

surface of the gall is in contact with the leaf.
All of the white oak leaf galls observed were
growing directly out from one of the main veins (Figures
9 and 14).

All of the scarlet oak leaf galls studied were

growing in an area between veins (Figure 10).
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Figure 11.
Cross section
thr ough white oak l eaf
gall showing epidermis .

Figure 12.
Cross sec t ion
thr ough white oak l eaf
gall ~hoh·ing hairs.
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Figure 13 . Cross section
t hrough scarlet oak leaf
gall showing epidermis .

Figure 14. Cross section
th r ough white oak leaf
gall attached to a vein .
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Figure 15 . Cross section through
scarlet oak leaf gall attached
to an inter vein area .
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DISCUSSION

Parthenogenic wingless females emerge from overwintered white and scarlet oak leaf galls from midFebruary to the end of March.

The bud gall tissue

this generation induces appears from mid-March to the
end of April.

The sexual generation emerges from

these bud galls from mid-April to the end of May.

The

leaf galls, induced by the sexual generation, begin to
appear from mid-June to the first of July.

These

leaf galls drop from the leaves before the first frost
and overwinter in the leaf litter (7).
The two species of wasps studied in this series of
expe·riments, were observed to differ from each other
in each phase of the life cycle except the droppini
of galls from leaves before the first frost.

The

white oak gall wasp completed phases of its life
cycle two to three weeks before the scarlet oak gall wasp.
Kinsey noted that seasonal factors such as the amount of
water available influence the time of emergence of
cynipid gall wasps (15).
The anatomy of the gall .a wasp induces is indicative
of habitat preference.

Present concepts of gall induction

emphasize ecological factors as influencing the type
of gall formed (22).
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Both b~d and leaf galls collected from white and
scarlet oaks differed anatomically.

Neither bud nor

leaf galls collected from each species differed anatomically from slope to slope.
The scarlet oak bud gall is composed to two seperate chambers, whereas the white oak bud gall is
composed of one.

Just the outer chamber of the scarlet

oak bud gall is ten times thicker than the entire wall
of the white oak bud gall.

Thickness of ga~l tissue

indicates an importance in maintaining water ielationships (22).
Mani also states that the thickness of the epidermis
has an effect on the thickness of the cuticle (22).
Thus galls with a thick epidermis are more adapted to
a xeric than mesic environment.
The scarlet oak leaf gall has an epidermis made
up of several layers of cells which comprise about
1/6 of the total cross sectional area of the gall
(Figure 13),

The thick epidermis is also responsible for

the warty external surface of the gall (Figure 10).
In crnntrast, the white oak leaf gall has an epidermis
which is comparitively thin, and does not comprise an
appreciable portion of the cross sectional area (Figure 11).
This gives the gall a soft fleshy texture.
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The whiie oak leaf gall is attached to the leaf by
a stalk structure (Figure 14).

Because only a fraction

of the lower surface of the gall is attached to the
stalk, the amount of direct surface contact between the
gall and the leaf is greatly reduced for the white oak
leaf gall.

In contrast, the entire lower surface of the

scarlet oak leaf gall is in contact with the leaf tissue
(Figure 15).

This accounts for a larger area for tran-

port of water and other essential materials into the
scarlet oak leaf gall.

Due to this and other anatomical

adaptations previously mentioned, the scarlet oak leaf
gall is better suited for xeric existance than is the
white oak leaf gall.
In order to further establish wasp habitat pr~ference,
a census was instigated to determine. wasp activity, based
on the number of leaf galls induced.
There were 49 percent more leaf galls observed on
the south~than the north-facing slope.

This is a signifi-

cant difference in the total number of leaf galls observed
on the south versus north-facing slope.

•

Of the two leaf gall types studied, the number of
scarlet oak galls was greater than the number of white
oak galls.

Of the total of 1217 galls observed, 1196

or 98.3 percent were scarlet oak.
The 1196 scarlet oak leaf galls observed were not
randomly distributed on the two slopes.

There were
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804 scarlet oak galls observed on the south-facing
slope, a mean of 22.3 galls per.tree.

The 392 scarlet

oak galls on the north-facing slope had a mean of 13.0
galls per tree.
There was a total of only 21 white oak leaf galls
observed;

7 occured on the north-facing slope with a mean

number of 0.77 per tree, 14 occured on the south-facing
slope with a mean number of 1.27 per tree.
The distribution of leaf galls did not differ significantly from elevation to elevation on the north-facing
slope.

The mean number of scarlet oak leaf gall per tree

at four elevations varied from 10.S to 18.1, with a mean
of 13.0 for the entire slope.

The mean number of white

oak leaf galls observed at four elevations on the northfacing slope varied from 0,00 to_l.00, and the slope mean
was 0.77.
The difference in number of leaf galls among the
elevations·of the south-facing slope is significant.

The

mean number of scarlet oak galls per tree varied from
12.3 to 31.7 at different elevations, with a mean of 22.3
for the entire south-facing slope.

The white oak gall

occured at mean numbers of 0.00 to 1.40 per tree at
the different elevations, with a mean of 1.27 for the
slope (Table 3),
The white oak leaf gall frequency within the entire
study area is too low to indicate any habitat preference
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for the white oak gall wasp.

The non-random distribu-

tion of the scarlet oak leaf gall is an indication of
differential habitat preference for the scarlet oak gall
~asp.
All the gall anatomical relationships studied indicate that the scarlet oak leaf gall is better adapted for
existance in a drier habitat than is the white oak leaf
gall.

A south-facing slope receives less moisture, more

solar energy, has more variable temperature extremes, and
a.higher average temperature than a north-facing slope
(30).

The results of the analysis of variance indicate

that there are a significantly larger number of scarlet
oak leaf galls on the south-facing slope than the northfacing slope.

Based on the relative numbers of leaf galls

induced, there are more scarlet oak wasps on the iouthfacing slope than on the north-facing slope.
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SUMMARY
The object of this study was to determine if there is
a cynipid gall wasp habitat preference on north and southfacing slopes in the vicinity of the Morehead State University Lake.

A census of leaf gall distribution was init~ated

to determine habitat preference of these cynipid gall wasps.
Bud and leaf gall tissue induced by these wasps, were
examined to determine anatomical differences.
(1)

A significantly greater number of leaf galls was

observed on the south-facing slope than the north-facing
slope.
(2)

The total number of scarlet oak leaf galls was

significantly greater than the total number of white oak
leaf galls.
(3)

There was no significant difference in distribu-

tion of white or scarlet oak leaf galls from elevation t6
elevation on the north-facing slope.
(4)

There was a significant difference in the

distribution of both white and scarlet oak leaf galls from
elevation to elevation on the south-facing slope.
(S)

There were 49 percent more scarlet oak leaf galls

observed on the south-facing slope than the north-facing
slope.
(6)

A study of both and leaf gall tissue collected
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on the two slopes revealed anatomical dissimilarities from
one species to the other.
(7)

Neither bud nor leaf gall anatomy differed from

slope to slope for a given species.

(8)

Anatomical differences in bud and leaf galls

induced by these two species of wasps indicated that the
scarlet oak bud and leaf galls succeed better in drier
habitats than the white oak bud and leaf galls.
(9)

Based on the relative numbers of leaf galls

induced, there are more scarlet oak wasps on the south~
facing 'slope than the north-facing slope.
(10)

The greater number of scarlet oak leaf galls

induced on the south-facing slope indicates that this slope
is the habitat preference of the scarlet oak gall wasp.
(11)

The number of white ~ak leaf galls induced in

1971 was too low to determine habitat preference for the
white oak gall wasp.
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